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In the present study, the non-linear vibration of an elastic plate subjected to heavy ﬂuid loading in an
inclined magnetic ﬁeld is investigated. The structural non-linearity, ﬂuid non-linearity, and the effects
of magnetic ﬁeld are all incorporated in the formulations to derive the governing equation of the plate.
The method of multiple scales is adopted to determine the eigenvalues and mode shapes of the linear
vibration, and then the amplitude of the non-linear vibration response of the plate is calculated. Based
on the assumptions of ordering and formulations of multiple scales, it can be concluded that the linear
dynamic behavior of the plate under heavy ﬂuid loading but weak near-resonant loading is inﬂuenced
by the effects of the ﬂuid loading, linear structural rigidity and linear magnetic ﬁeld, furthermore, the
non-linear dynamic behavior of the plate under heavy ﬂuid loading but weak near-resonant loading is
dominated and controlled by the effects of the ﬂuid loading, non-linear structural rigidity and non-linear
magnetic ﬁeld. Both thick and thin plates are investigated; the contributions due to the structural non-
linearity and acoustic linear radiation damping are of the same order for a rather thick plate. For a thin
plate, the structural non-linearity completely controls the behavior of the plate, which implies that in this
case the effect of ﬂuid loading is considerably negligible. In general, it can be concluded that both the
effects of magnetic ﬁeld and structural non-linearity play important roles only on the ﬁrst few modes
of the plate.
 2008 Elsevier Ltd. All rights reserved.1. Introduction
Recently the non-linear dynamics of a magneto-elastic plate un-
der ﬂuid loading has drawn many researchers’ attention both in
classical technical applications (for example, vibrations of naval
structures in ﬂuids) and in advanced applications (for example,
vibrations of magneto-electrically driven micro-electromechanical
systems). In addition to the practical importance, the non-linear
vibration analysis of a magneto-elastic plate in ﬂuid is of funda-
mental interest in the theory of non-linear dynamical systems.
Some researchers (Dowell, 1975; Abrahams, 1987; Engineer and
Abrahams, 1994) have already tackled the problem of non-linear
vibrations of acoustically loaded elastic structures. The purpose of
their investigations was to search for the possibility of energy ex-
change between vibrations at different frequencies and different
modes that are uncoupled in a linear theory. Dowell (1975) demon-
strated that these interaction effects are generated by structural
non-linearities, while an acoustic part of the problem may be con-
sidered as a linear one in weak ﬂuid excitation. Furthermore, it was
assumed that resonant frequencies of an elastic structure are notll rights reserved.
1; fax: +886 7 6011017.
. Chang).inﬂuenced by the added mass of a surrounding acoustic medium.
Abrahams (1987) and Engineer and Abrahams (1994) performed
the analysis of non-linear vibrations of a bafﬂed plate and a cylin-
drical shell in several excitation states by using the theory of non-
linear structural–acoustic coupling. In the most general case of a
non-linear acoustic medium coupled with a non-linear elastic
structure, Nayfeh and Kelly (1978) have proved that the motion
of the ﬂuid at a certain distance from a vibrating body ceases to
be of an acoustic nature as shock waves are developed. However,
the non-linear formulation of structural–acoustic coupling in heavy
ﬂuid loading conditions is not necessarily associated with trans-
forming the acoustic waves into the shock ones. In order to consider
a quadratic term in the Bernoulli integral for inspecting effects of
second order in the linear acoustic ﬁeld, the method stated by Ray-
leigh (1945) was adopted. Recently, Sorokin and Kadyrov (1999)
have suggested a model of heavy loading of a non-linear elastic
structure by a dense and weakly compressible ﬂuid, and they have
investigated several non-linear effects produced by the ﬂuid’s non-
linearity. In addition, the investigations done by Leppington (1976),
Crighton and Innes (1984) and Sorokin (1993, 2000) have shed
some lights in the aforementioned research ﬁeld.
However, sometimes the structures are subjected to the effects
of a magnetic ﬁeld, therefore it is necessary to reformulate the
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effects of a magnetic ﬁeld. The following researchers made signif-
icant contributions in the vibration analysis of structures in a
magnetic ﬁeld. Moon and Pao (1968) have proposed a mathemat-
ical model for the buckling problem of a cantilever beam–plate in
a transverse magnetic ﬁeld with distributed magnetic forces and
torques. Wallerstein and Peach (1972) have studied the mag-
neto-elastic buckling of beams and plates with magnetically soft
material. Miya et al. (1978) have investigated the magneto-elastic
buckling of a cantilevered beam–plate using experimental and
ﬁnite element methods. Kojima and Nagaya (1985) have investi-
gated the case of non-linear forced vibrations on a beam with a
tip mass subjected to alternating electromagnetic forces acting
on the tip mass. Shin et al. (1998) have studied the transient
vibrations of a simply supported beam with axial loads and trans-
verse magnetic ﬁelds. Hasanyan et al. (2001) used the method of
multiple scales to investigate the non-linear vibration and insta-
bility of perfectly conductive plates in an inclined magnetic ﬁeld.
Recently Liu and Chang (2005) performed the vibration analysis
of a magneto-elastic beam with general boundary conditions sub-
jected to axial load.
The purpose of the present study is to adopt the non-linear
structural–acoustic coupling formulation suggested by Sorokin
and Kadyrov (1999) and Sorokin (2000) to the case of heavy ﬂuid
loading of a structure subjected to an inclined magnetic ﬁeld. Weak
near-resonant excitation conditions are taken into account with
calculated resonant frequencies of linear vibrations and the effects
of the ﬂuid, structural non-linearities, and magnetic ﬁeld are com-
pared and discussed.
2. Formulation of problem
Consider an isotropic ﬂuid-loaded plate, located in an external
stationary inclined magnetic ﬁeld B(B01,0,B03). The governing equa-
tion of motion of the plate can be expressed as follows (Dowell,
1975; Hasanyan et al., 2001):
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Here E, qp,m and h are Young’s modulus, density, the Poisson ratio,
and thickness of the plate, respectively, and w is the lateral dis-
placement, f is a driving load, p is a contact acoustic pressure and
k is the wave number. The third and fourth terms of Eq. (1) are
the linear and non-linear effects due to the inclined magnetic ﬁeld.
The ﬁfth term of Eq. (1) represents the non-linear stretching effect
due to the immobile edges of the plate in the axial direction. The
boundary conditions are imposed at x = 0 and L, L being the length
of a plate. The purpose of the present study is to thoroughly perform
the non-linear vibration analysis of a plate under heavy ﬂuid load-
ing but weak near-resonant ﬂuid loading in an inclined magnetic
ﬁeld.
The velocity potential function U can be formulated by a linear
wave equation as follows:
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¼ 0 ð2ÞHere cf is the velocity of sound in a ﬂuid.
The above equation is assumed to be valid in an acoustic do-
main with the pressure deﬁned by the Bernoulli relation in the fol-
lowing expression:
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In addition, it is deﬁnitely essential to present the continuity condi-
tion to adopt the full Bernoulli relation for the acoustic pressure on
the structure; that is, the following equation is presented to con-
sider the deformation of the plate (Sorokin and Kadyrov, 1999):
@U
@z
¼ @w
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þ @w
@x
@U
@x
; z ¼ 0 ð4Þ
Eqs. (1)–(4) constitute a non-linear formulation of the problem of
dynamics for a ﬂuid-loaded plate in a magnetic ﬁeld. In the present
study, the method of multiple scales to the time variable (Nayfeh
and Mook, 1979; Thomsen, 1997) is applied to investigate the
non-linear ﬂuid-structure interaction in a magnetic ﬁeld. Therefore,
if t is written as
T0 ¼ t; T1 ¼ et; e! 0
then the time derivative yields
d
dt
¼ @
@T0
þ e @
@T1
here e denotes the inﬁnitesimal parameter in the asymptotic
expansion.
Theoretically speaking, in the analysis of non-linear vibrations
of mechanical systems associated with damping, it is quite stan-
dard (Nayfeh and Mook, 1979; Thomsen, 1997) to assume that
the effect of linear restoring and inertial forces is of order e0, while
that of non-linear and damping forces is of order e1. By the same
token, the non-linear effect due to the magnetic ﬁeld can also be
treated in terms of order e1, while the linear effect under the mag-
netic ﬁeld should be considered as order e0.
Substitute Eq. (3) into Eq. (1) yields
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At each individual frequency x, the wave Eq. (2) becomes Helm-
holtz equation,
r2Uþ x
cf
 2
U ¼ 0 ð6Þ
Then the linear part of the boundary condition (4) for acoustic do-
main can be written as
@U
@z
¼ WðxÞ expðixtÞ þWðxÞ expðixtÞ; z ¼ 0 ð7Þ
whereW(x) is a function that will be described later in the analysis.
The plate is considered as being put into an inﬁnitely long rigid
bafﬂe and the solution for a linear Helmholtz equation with the lin-
ear boundary condition (7) at z = 0 is formulated by the Rayleigh
integral as follows
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0 denote the Hankel functions of the ﬁrst kind and
second kind, respectively. Now it is convenient to perform the
ordering of terms in Eqs. 4, 5, and 8. Speciﬁcally, in Eq. (8) the real
and imaginary parts of the Hankel functions (relevant to the added
mass and the radiation damping effects, respectively) are arranged
as
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The ordering of terms in the continuity condition (4) is
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In this study, we are only dealing with the plate subjected to a weak
near-resonant ﬂuid loading; physically it implies that a resonant
driving force of relatively small magnitude might generate signiﬁ-
cant non-linear effects. Therefore, the driving force is multiplied
by e in the following formulation.
Based on the aforementioned concepts, Eq. (1) can be rewritten
as follows
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An asymptotic solution can be expressed in the form
wðx; tÞ ¼ w0ðx; T0; T1Þ þ ew1ðx; z; T0; T1Þ; ð12Þ
Uðx; z; tÞ ¼ U0ðx; z; T0; T1Þ þ eU1ðx; z; T0; T1Þ ð13Þ
The fast scale denotes vibrations in real time, while the slow one
describes slow modulations of amplitudes and phases.
The structural problem to the order e0 is then formulated as
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The Rayleigh integral (9) to the order e0 is formulated as
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To ﬁnd these resonant frequencies, a homogeneous problem (14)
should be solved. The shape of the vibrations of the structure is as-
sumed to be
w0 ¼ A0WkðxÞ expðix0kT0Þ þ A0WkðxÞ expðix0kT0Þ ð16Þ
where x0k is the kth resonant frequency and Wk(x) is the kth reso-
nant mode of vibration. In Eq. (16), both the resonant frequency and
the resonant mode of vibrations should be calculated, where A0 is
an undetermined amplitude, which is independent of time.
The continuity condition (10) to the order e0 is expressed in the
following:
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W ¼ W ¼ ix0kA0WkðxÞ. Therefore, the velocity potential at the sur-
face of a plate yields
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Substitute Eqs. (16) and (18) into Eq. (14), the following equation
can be obtained
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The Eigenvalues and mode shapes of the problem (19) can be
computed by the Galerkin procedure without any difﬁculty.
3. Non-linear analysis of weak near-resonant excitation
Now we are ready to investigate the non-linear effects in the
vibration of a plate subjected to a weak near-resonant excitation
in a magnetic ﬁeld. In this case a solution to the problem of order
e0 is assumed as follows
w0ðx; T0; T1Þ ¼ A0ðT1ÞWkðxÞ expðix0kT0Þ þ A0ðT1ÞWkðxÞ
 expðix0kT0Þ ð20Þ
i.e., a single-mode analysis is adopted. This equation differs from Eq.
(20) by letting the amplitude A0(T1) be a slow varying complex
function. It should be noted here that both the natural frequency
x0k and the mode shapeWk(x) are solutions of the eigenvalue prob-
lem (19).
A problem in structural dynamics of the order e1 is formulated
as
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For simplicity, the driving load is speciﬁed as f(x,t) = f0F(x)cos
(x0kT0 + aT1) with a denoting how close the driving frequency is
to the resonant frequencyx0k, i.e., a =X x0k, whereX is the driv-
ing frequency of the excitation load. The left-hand side of Eq. (21)
has exactly the same form as the zeroth order Eq. (14). It contains
displacement w1 and velocity potential U1 formulated by the sec-
ond terms of the asymptotic expansions (12 and 13). For simplicity,
driving load is assumed to be distributed fairly close to the shape of
the kth eigenmode. The velocity potentialU1 is deﬁned by the wave
Eq. (2) and the linear part of the continuity condition (4), i.e., similar
to U0 in the problem of order e0.
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The right-hand side of Eq. (21) includes a driving load and several
terms depending on w0. The ﬁrst term taken into account, F01, is re-
lated to the structural non-linearity
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The second term is related to the radiation damping part of Rayleigh
integral (8), i.e.,0 0.5 1
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Fig. 1. The ﬁrst eigenvalues of ﬂuid-loade
0 0.5 1
2.5
3
3.5
4
4.5
5
5.5
6
6.5
log
Se
co
nd
 E
ig
en
va
lu
es
Fig. 2. The second eigenvalues of ﬂuid-load
Table 1
The ﬁrst three resonant eigenvalues of a ﬂuid-loaded plate with or without magnetic ﬁeld
Present study (R = 8) Present study (R = 0)
First eigenvalue 1.030 1.561
Second eigenvalue 4.263 4.511
Third eigenvalue 6.971 7.137F02 ¼
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Sorokin (1993) Sorokin (2000) Theoretical result (no ﬂuid)
1.516 1.623 p
4.536 4.581 2p
7.326 7.235 3p
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the Bernoulli relation
F03 ¼ 12qf
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The fourth term on the right-hand side of Eq. (21) is generated by
the non-linearity in the continuity condition (4),
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The U01 component of a velocity potential is deﬁned by the wave
equation and the non-linear part of the continuity condition (4),
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Fig. 4. First three eigenvalues of ﬂuid-loaded pThe ﬁfth term on the right-hand side of Eq. (21) is expanded as
follows
F05 ¼ D3 @w0
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In the present study, Galerkin’s method is adopted to solve Eq. (21),
after some calculations on the Galerkin orthogonalization of Eq.
(21) to the kth modeWk(x), the secular terms on the right-hand side
of Eq. (21) are presented as follows
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terms inside the braces drop out. Therefore, the following expres-
sion can be derived for the amplitude1
2
f0
D0
If expðiaT1Þ  2ðix0kÞD1D0
dA0
dT1
I1 þ D3D0 A
2
0A0I2 þ 3
D4
D0
A20A0In
þ iqfx
2
0k
2D0
A0Ip ¼ 0 ð31Þ
whereIf ¼
Z L
0
FðxÞWkðxÞdx; I1 ¼
Z L
0
W2kðxÞdx; I2 ¼
Z L
0
½W 0kðxÞ2WkðxÞdx;0 1 2 3
1
1.1
1.2
1.3
1.4
1.5
1.6
1.7
Fi
rs
t E
ig
en
va
lu
es
Fig. 5. The ﬁrst eigenvalues of ﬂuid-loaded
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It should be noted that the ‘‘ﬂuid non-linearity”, i.e., the terms in
Eqs. (26) and (27), has not generated secular terms in Eq. (31).
Therefore, it can be concluded the non-linear dynamic behavior of
the plate under heavy ﬂuid loading but weak near-resonant loading
is dominated and controlled by the effects of the ﬂuid loading, non-
linear structural rigidity and non-linear magnetic ﬁeld.
At this point, it is quite convenient to express the complex-val-
ued function A0(T1) in terms of two real-valued functions, i.e.,4 5 6 7 8
R
plate versus intensity of magnetic ﬁeld.
100 120 140 160 180 200
ency (rad/sec)
linear
nonlinear
frequency of plate with h/L = 0.1 and R = 0.
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phase b = aT1  h. As we search for a stationary regime, we set @b/
@T1 = @r/@T1 = 0 and obtain the following equations for an ampli-
tude r and a phase b:
K21r
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Fig. 8. Frequency response near the ﬁrst naturalIt is noted that the roots r2 of Eq. (32) can be solved symbolically. In
addition, if K1 is set to zero, then Eq. (32) becomes a linear algebraic
equation for r2.
4. Numerical results and discussions
For simplicity, the boundary conditions of the plate are as-
sumed as simply supported at both ends, and the following param-
eter values are adopted:
qf=qp ¼ 0:128; cf =cp ¼ 0:308; m ¼ 0:3;
R ¼ D2=D0 ¼ 8:0=m2; S ¼ D3=D0 ¼ 1:0=m2
Based on Eq. (19), the ﬁrst three resonant eigenvalues of a ﬂuid-
loaded plate with or without magnetic ﬁeld have been computed20 25 30 35 40
ency (rad/sec)
linear
nonlinear
frequency of plate with h/L = 0.1 and R = 8.
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uency (rad/sec)
linear
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According to Table 1, the resonant eigenvalues without magnetic
ﬁeld based on the present study match those values from Sorokin
(1993, 2000). Meanwhile, the resonant eigenvalues of an isolated
plate (no ﬂuid) are listed in the last column for comparison. It can
be concluded that not only the effect of the added mass on the res-
onant eigenvalues is quite signiﬁcant, but also the effect of mag-
netic ﬁeld on the resonant eigenvalues is notable. It is very
obvious that the resonant eigenvalues are related to the ratio L/h.
Fig. 1 presents the ﬁrst resonant eigenvalues versus the thickness
of the plate with or without magnetic ﬁeld. We detect that the ef-
fect of the magnetic ﬁeld tends to decrease the magnitude of the
ﬁrst resonant eigenvalues. In Figs. 2 and 3, we plot the second
and third resonant eigenvalues separately with respect to the thick-
ness of the plate with or without magnetic ﬁeld; similar trends can0 20 40 60 80
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Fig. 9. Frequency response near the ﬁrst natural
240 260 280 300
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
Driving Freq
A
m
pl
itu
de
 A
Fig. 10. Frequency response near the second naturbe drawn except the effect of the magnetic ﬁeld decreases, which is
reasonable. In Fig. 4, we plot the ﬁrst three resonant eigenvalues
against the thickness of the plate in the magnetic ﬁeld (R = 8) indi-
vidually; once again, the ﬁrst three resonant eigenvalues gets smal-
ler as the thickness of the plate decreases. In Fig. 5, the ﬁrst resonant
eigenvalues versus the intensity of the magnetic ﬁeld is presented,
and it can be found that as the intensity of the magnetic ﬁeld gets
larger, the magnitude of the ﬁrst resonant eigenvalues gets smaller.
In order to produce a very large amplitude of displacement of a
rather thick plate, ﬁrst we choose h/L = 0.1 and f0/E = 0.20  103,
and we denote A ¼ rL as a normalized amplitude. For simplicity,
we assume that the driving load is distributed in the kth mode
shape, i.e., F(x) =Wk(x). Without the effect of magnetic ﬁeld
(R = 0), the ﬁrst resonant eigenvalue is computed as k1 = 2.501,
and the corresponding ﬁrst natural frequency is x01 = 29.93 rad/100 120 140 160 180 200
ency (rad/sec)
linear
nonlinear
frequency of plate with h/L = 0.01 and R = 8.
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resonant eigenvalue is calculated as k1 = 1.602, and the corre-
sponding ﬁrst natural frequency is x01 = 12.28 rad/s. In Fig. 6, the
normalized amplitude A is presented with respect to the driving
frequency of the driving load without the effect of magnetic ﬁeld
(R = 0), as seen in the ﬁgure, the amplitude based on the linear the-
ory is larger than that of the non-linear theory, which is fairly rea-
sonable. In Fig. 7, with the presence of the magnetic ﬁeld (R = 8) the
amplitude from the linear theory is much larger than that of the
same case without the magnetic ﬁeld as presented in Fig. 6; fur-
thermore, the amplitude of the non-linear theory is much less than
that of the linear theory. It can be inferred that the effect of mag-
netic ﬁeld has a signiﬁcant impact on the amplitude of the plate,240 260 280 300
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Fig. 12. Frequency response near the third naturaespecially when the driving frequency of the excitation load is near
the ﬁrst natural frequency of the plate. It can also be concluded
from Fig. 6 that in the case of a thick plate the contributions due
to the structural non-linearity and acoustical linear radiation
damping are of the same order without the effect of magnetic ﬁeld.
However, as it can be seen from Fig. 7, in the presence of a mag-
netic ﬁeld the inﬂuence of structural non-linearity is still pro-
nounced but the resonant peak of the response has disappeared.
Now we select a different set of parameters, i.e., h/L = 0.01 and
f0/E = 0.20  106 to simulate a thin plate. In the case without
the magnetic ﬁeld (R = 0), the ﬁrst three resonant eigenvalues are
computed as k1 = 1.561, k2 = 4.511, k3 = 7.137, and with the mag-
netic ﬁeld (R = 8) the ﬁrst three resonant eigenvalues are estimated320 340 360 380
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750 800 850 900
ency (rad/sec)
linear
nonlinear
l frequency of plate with h/L = 0.01 and R = 0.
1714 T.-P. Chang, M.-F. Liu / International Journal of Solids and Structures 46 (2009) 1705–1715as k1 = 1.030, k2 = 4.263, k3 = 6.971, as listed in the ﬁrst and second
columns in Table 1, respectively.
In Fig. 8, the amplitude of the plate is plotted with respect to
the driving frequency near the ﬁrst natural frequency of the plate,
which is computed as x01 = 36.89 rad/s without the magnetic
ﬁeld. The structural non-linearity completely controls the behav-
ior of the plate, which implies that in this case the effects of ﬂuid
loading is considerably negligible as compared with the effect of
structural non-linearity. In Fig. 9, the effect of magnetic ﬁeld is in-
cluded and the ﬁrst natural frequency of the plate is calculated as
x01 = 16.05 rad/s. The plots show very similar trends as those in
Fig. 8 except that the amplitude of the linear response has in-
creased tremendously due to the fact that the fundamental natu-
ral frequency has reduced a lot. In Fig. 10, the amplitude of the
plate is plotted with respect to the driving frequency near the
second natural frequency of the plate, which is computed as
x02 = 308 rad/s without the magnetic ﬁeld. Once again the struc-
tural non-linearity totally dominates the behavior of the plate,
which means that in this case the effects of ﬂuid loading does
not play any important roles. In Fig. 11, the effect of magnetic
ﬁeld is included and the second natural frequency of the plate
is calculated as x02 = 275 rad/s. The plots show very similar
trends as those in Fig. 10 except that the maximum amplitude
has increased and the shape of the response has changed slightly.
In both Figs. 10 and 11, the resonant phenomena based on the
linear theory only occur in a very narrow frequency band. This
is because the second mode, which is an anti-symmetric mode
of plate motion, stimulates the motion of the acoustic medium
similar to that in the case of incompressible ﬂuid. In addition,
the structural non-linearity totally absorbs the effects of the res-
onant excitation in this particular case so that the resonant peak
disappears. Finally, Figs. 12 and 13 present the amplitude of the
plate versus the driving frequency near the third natural fre-
quency individually (x03 = 771 rad/s with R = 0, x03 = 735 rad/s
with R = 8). The effects of the magnetic ﬁeld has only a small im-
pact on the response of the plate in this particular case, besides,
the magnitude and shape of the amplitude based on non-linear
theory is almost the same as that of linear theory. In general, it
can be concluded that the effects of magnetic ﬁeld play an impor-600 650 700
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Fig. 13. Frequency response near the third naturatant role only on the ﬁrst few modes, say ﬁrst two modes for the
case in this study. In addition, the effects of non-linearity on the
behavior of the plate is quite remarkable for the ﬁrst few modes,
however, it is negligible as the higher modes are concerned.
5. Conclusion
In the present study, we adopt the non-linear structural–
acoustic coupling formulation to the case of weak near-resonant
ﬂuid loading of a plate subjected to an inclined magnetic ﬁeld.
The method of multiple scales is used to perform the non-linear
vibration analysis of such a plate. Weak near-resonant excitation
conditions are taken into account with calculated resonant fre-
quencies of linear vibrations, and the effects of the ﬂuid, struc-
tural non-linearities, and magnetic ﬁeld are compared and
discussed. Based on the assumptions of ordering and formulations
of multiple scales, it can be concluded that the linear dynamic
behavior of the plate under heavy ﬂuid loading but weak near-
resonant loading is inﬂuenced by the effects of the ﬂuid loading,
linear structural rigidity and linear magnetic ﬁeld, furthermore,
the non-linear dynamic behavior of the plate under heavy ﬂuid
loading but weak near-resonant loading is dominated and con-
trolled by the effects of the ﬂuid loading, non-linear structural
rigidity and non-linear magnetic ﬁeld, and the ﬂuid non-linearity
does not have any contributions to the amplitude of the response
since the ﬂuid loading is assumed to be weak near-resonant exci-
tation. For a rather thick plate without the effect of magnetic
ﬁeld, the contributions due to the structural non-linearity and
acoustical linear radiation damping are of the same order. How-
ever, with the presence of magnetic ﬁeld the inﬂuence of struc-
tural non-linearity is still pronounced, but the resonant peak of
the non-linear response has disappeared as compared with that
of the linear response. For a thin plate, the structural non-linear-
ity completely controls the behavior of the plate, which implies
that in this case the effects of ﬂuid loading is considerably negli-
gible as compared with the effect of structural non-linearity. In
general, it can be concluded that the effects of magnetic ﬁeld
plays an important role only on the ﬁrst few modes, as indicative
of the ﬁrst two modes dealt with in this study. In addition, the750 800 850 900
ency (rad/sec)
linear
nonlinear
l frequency of plate with h/L = 0.01 and R = 8.
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quite remarkable for the ﬁrst few modes, however, it is negligible
as the higher modes are concerned.
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